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© Carrier-supported catalyst for the synthesis of unsaturated aldehydes and unsaturated carboxylic 
acids, and process for preparing the same. 

<S> A carrieMupOTrKd catalyst for the synthesis el unsaturated aldehydes and unsaturated c^oxylic aeWs, 

SLUT. A* — ^."T^TZ&^iZm^^EZZ 

production of an objective product, with ease and good reproducibility. 
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Field of the Invention 

preparing the same. 
Description of the Related Art 

fiiim«H 

^T^lSS'iSEIif • carrier-supported cataiyst preparation method featuring use of whisker 
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» pra^cal use It is therefore evident that the above publication .s essenfally different from the present 

^neral.y. further improvements are required of the carrier-supported ^ 

standpoint, particularly in terms of practicality of the production process, act, vty _of the obtamed earner 

Spirted catalyst, selectivity of the objective product and mechanical strength of the catalyst. 

25 SUMMARY OF THE INVENTION 

WSmmmim 

[nteaLd !C^^JSStSS is also excellent in mechanical strength and helpful for proving 

strength and enabling high-yield production of the objective product. 
PREFERRED EMBODIMENTS OF THE INVENTION 

55 The materials constituting the catalyst active substance used in the present invention are not specified 
but there are usually used the oxides and the compounds wh.ch can be turned ,nto t .nodes by ^ strong 
Sat ng such as chlorides, hydroxides, sulfates, nitrates, carbonates, ammonium salts, and m,xtures thereof. 
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Especially preferred as the catalyst active substance are the composite oxides represented by the following 

formula: 

MOaBibFerAjXeYfZgOh 

5 wherein Mo Bi. Fe and 0 represent molybdenum, bismuth, iron and oxygen, respect* A represents 
r ck e?and/or cobalt; X represents at least one element selected from the group consisting of magnesium 
nickel ana/or cooai . *> „ oresents at | east one element selected from the group consisting of 

„ STtaSS w an«™»; Z r1p7S«s .. !»». o» element selected from the W c—go, 

„ ' M y iST££. — .. Invention a,, not limited to the speelSC We* it is possibte to u„ ft. 

"TacSnc. — the p^en, invention, > is possible to ess., prepare . ca,,ie,-suppo*d o M ,jst 

SShed^SSy of release and degradation of the catalyst substance during transport or chargmg into 
aTactf f'uTn since the catalyst pore volume is enlarged by the addition of said inorganic fiben 
diffusSn res stance in the catalyst is reduced to accordingly enhance the catalyst activity and also the 
coTa era. reactions are suppressed, resulting in an improved selectivity "^f^g^^ carrie , 
When using inorganic fiber having an average diameter of less than 2 urn, the obtained carrier 
suppled Syst proves unsatisfactory in mechanical strength for use as an industrial caUjyst Use of 
fnorqCc fiber exceeding 200 urn in average diameter is also undesirable as such inorganic f.ber is poor ,n 
SZs bi S n Suid materials, making it unable to obtain a homogeneous catalyst or giving nse to a 
oossSy of caulg blockade of the shower nozzle. The length of inorganic fiber used as carrier assistant 
? s not ! La bu it i» to be noted that too short a fiber length reduces the effect of re.nforcement whrte too 
great ^ be rleng * is inconvenient for handling. It is therefore desirable that the length of "W^ber 
« for S Duroose is in the range of 50 urn to 1 mm on the average. The type of inorganic fiber used in 

" hislnlTon fSTnoT pSied. but it is desirable to use one having sufficien, pensile 

MkZZ and sufficient heat resistance to bear up against the reactions. Preferred examples of such 
inoraanic fiber are qlass fiber, asbestos, ceramic fiber and carbon fiber. 

ThTinorgan c Sber used as carrier aid in the present invention is preferably subjected to a Pretreatment 
that makes Z fiber substantially dispersible in a liquid material. Specifically, said inorganic fiber is 
orlSv the one which can be well dispersed in a liquid material without causing aggrega ,on of the 
^SZs Z* ™ also be substantially passed through a screen with the openings equal ,n s.ze to 

^ S TrroSof h ino;gani C fiber used as carrier aid in the present invention is preferably in the range of 
05 to 50% by weighJbased on the catalyst active substance. When the content of inorgan.c fiber ,s less 
fhan 0 5% by weSt the effect of strengthening the catalyst layer tends to be unsatisfactory. When said 
content excels ^0% by weight, the amount of the catalyst active substance in the earner-supported 

"TmZXX^^ even when the amount of the catalyst composition supported on the 
carr£ i ^ increased to some extent, the mechanical strength of the catalyst and the selectivrty of the target 
nroduJ remain at a high level, owing to the reinforcing effect of the inorganic fiber and the effect o the 
increase T£r Volume Considering the mechanical strength of the catalyst and the selectivity of the 
obiee' e product, it is desirable that the amount of the catalyst active substance to be supported on the 
J rr ; 0 r in th« range of 40-400 parts by we iahjt p 100 parts by_ weight of the carrier. 

Reaa dino the way 0 f supporting the ca ti^T active s uEita^ceon the carrier in the present invention, it 
is deirabTe to empby a method in which a catalyst active substance or a catalyst precursor and inorganic 
fibera flpersTd in a liquid material to form a slurry and this slurry is deposited on the carrier while at the 
s^me tie ^ vaporizi g the' liquid materia.. The "liquid materia." used here is not specified; ,t ,s possible to 
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So he car"" H " recommended to use a shower having a nozzle ho.e diameter of ™™™» 

= : src s r ^ sss mi:!MK5= 

Lss lSy to occur 9 the slurry deposition on the carrier tends to become non-uniform. makmg ,t harder to 
^i"S?n^SSSK? Carrier while simuitaneous.y vaporizing the ii.uid materia, 

^TctSrtrr'ct^upported catalyst preparation process using the conventional Ration 
method for catalyst supporting, the amount of the catalyst composition supported per process « small and 
thfcafay c acS **. obLed carrier-supported catalyst per unit weight tends tc , prov, . unsat, actor^ 
For increasing the supported amount of the catalyst in the above impregnation method, the steps of 

Z^^^^«^ and drying must be repeated ' 80 that the cata,yst prep 

becomes very complicate and unfavorable for industrial application. n£ >„ ora ii„ 
InTe present invention, the catalyst active substance can be prepared by a known method. Genera ly 
in t e p^ttn press' for an ale substance of a catalyst used for the synthes,^ ^ ««*^ 
Lldehvdes and unsaturated carboxylic acids, there is included, in many cases, a step for a heat treatrmntat 
aSu, C-eSo- ct ie present invention, the cata.yst active substance obtained in the manner descnbed 
SovlTay be supported on a carrier by the above-described method to produce ■ 
Syst ora cataiy'st precursor before heat treatment may be supportec on a earned by the above method, 
and the resultina carrier-supported substance may be heat treated at 400-600 u 

^ p^?'ln C v.«,» » «P*~I m more «ai, in <he Mowing B^pM how**,. » snnuia bo 

40 unsaturated carboxylic acids are defined as follows: 
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Reaction rate of starting material (%) - 

number of moles of reacted material 

_ ■ ; x 100 

number of moles of supplied material 



Selectivity of unsaturated aldehdye (%) - 

number of moles of produced 

unsaturated aldehyde * 100 



number of moles of reacted material 



Selectivity of unsaturated carboxylic acid (%) - 

number of moles of produced unsaturated 

c arboxylic acid * 100 

number of moles of reacted material 

The packing and powdering rate of the carrier-supported catalyst is defined as follows One thousand 

assumed remaining unpassed. 

l r 000 - X 

Packing and powdering rate (%)= i~qqq * 100 



Example 1 

Five hundreds parts of ammonium paramolybdate, 30.8 parts of ammonium paratungstate 32.2 parts of 

nickel nitrate 68.7 parts of cobalt nitrate, 60.5 parts of magnesium nitrate, 70.2 parts of zinc nitrate ana 
n2? of hS£ add were added successively and dissolved (the resulting solution being called solution B-1). 

M 2 ^ added 1o the solution A-1 to form a slurry, and this slurry was heated with st.rnng to 

TKSu^S^ was dried at ,20-C for 10 hours, then calcined at 500-C for 5 hours and 

^^ST£iTh- - composition of the following formula: 
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M01 2 Wo.sBi0.sFe3 Nis C01 Mgi Zni Bo.sSbi sCso.yOx 

wherein Mo W, Bi. Fe, Ni, Co, Mg. Zn, B, Sb, Cs and O represent molybdenum, tungsten, bismuth iron 
nickel, cobalt, magnesium, zinc, boron, antimony, cesium and oxygen, respectively; the "T^jf^ 
5 behind each element symbol indicates the atomic ratio of the particular element; and x indicates the 
number of the oxygen atoms necessary for satisfying the valency of each component 

Then 400 parts of the obtained catalyst active substance and 20 parts of glass fiber having an average 
diameter of 10 urn and an average length of 200 urn were mixed in 600 parts of water to form a 
homogeneous slurry (which is called s.urry C-1). This slurry C-1 was put to a 6.5-mesh screen. Almost all of 
10 the slurry could pass through the screen. . . . 

T^e slurry C-1 was gradually sprinkled on 300 parts of 4 mm diameter spherical alumina earner flowing 
in a rotating drum by using a shower having a nozzle hole diameter of 3 mm, and at the same t,me the 
drum was heated from the outside thereof by a gas burner to evaporate water. 

After the whole amount of the slurry C-1 has been sprinkled, the resulting product was dried at 130 C 

' 5 ,0r3 The Ur thus obtained carrier-supported catalyst was packed in a stainless steel reaction tube and a 
gaseous mixture composed of 5% of isobutylene. 12% of oxygen, 10% of water vapor anc 73 /o of nrtrogen 
was passed through the catalyst layer with a contact time of 3.6 seconds and reacted at 365 C. The 
Teaction rate of isobutylene was 95.5%. and the selectivity of methacrolein and that of methacryl.c acd 

20 were 88.8% and 4.1%, respectively. The packing and powdering rate was 0.1%. 

Example 2 

The procedure of Example 1 was followed except that the reactant was changed to tertiary butanol As 
25 a result, the reaction rate of tertiary butanol was 100%. and the selectivity of methacrolem and that of 
methacrylic acid were 86.7% and 3.6%, respectively. 



Example 3 
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A carrier-supported catalyst was obtained by following the same procedure as in Example 1 except that 
the amount of glass fiber used was changed to 4 parts. By using this ca 7: er ; su fP 0 n rt fj^f 5 Vl d The 
reaction as in Example 1 was carried out. As a result, the reacfon rate of .sobutylene was 95.5 /o and he 
seSvity of methacrolein and that of methacrylic acid were 88.8% and 4.1%, respectively which are he 
saSfa the reaction results in Example 1. The packing and powdering rate was 02 %• In Example, the 
mechanical strength of the catalyst was slightly lower than that of the catalyst obtained in Example 1, but 
this presented no problem for practical use of the catalyst. 



Comparative Example 1 
It was tried to prod 

supp 9 ortt7pr^ Cat3lySt SUCh 38 ° btained EXamP ' S 



40 It was tried to produce a carrier-supported catalyst by following the procedure of Example 1 without 
using glass fiber. In this case, however, the catalyst layer on the carrier separated in the course of 



1. 

45 Comparative Example 2 

A carrier-supported catalyst was obtained according to the procedure of Example 1 by reducing the 
amount of glass fiber blended to 1 part. As a result of the reaction conducted in the same way as in 
Example 1 by using the obtained carrier-supported catalyst, the reaction rate of isobutylene was 952 /., and 
so the selectivity of methacrolein and that of methacrylic acid were 88.3% and 3.8%. respective y. Thus the 
reaction results were slightly worse than Example 1. The packing and powdering rate was 4.5 /«, indicating 
a sharp reduction of mechanical strength of the catalyst as compared with Example 1 . 

Comparative Example 3 

55 A slurry (slurry D-1) was obtained in the same way as in Example 1 by dispersing in water a catalyst 
active substance and glass fiber which was same in shape as that used in Example 1 but i bad in 
dispersibility. When the obtained slurry D-1 was put to a 5.5-mesh screen, about 2 parts of glass fiber 



7 



EP 0 574 895 A1 



5 



70 



75 



30 



35 



40 



45 



50 



399 rr^ -sen and the aggregates which remained on the screen 

were agat mixS and after well stirring, it was tried to produce a carrier-supported catalyst ,n the same 
Z as'in Exam P .e 1. However, the shower nozzle was blocked by the glass fiber WflJillS 
of catalyst supporting operation, and there could not be obtained a des,red camer-supported catalyst. 

Example 4 

A catalyst active substance of the following composition was obtained in accordance with Example 1: 
Mot 2 Bii Fe 26 Ni2Co* Zn 0 .sMno.iPo.i Geo.1Sbo.8Cso.3K01 O x 

wherein Mo Bi, Fe, Ni. Co. Zn, Mn. P. Qe. Sb, Cs, K and O represent molybdenum, bismuth, iron, nickel 
Cobalt zinc manganese, phosphorus, germanium, antimony, cesium, potassium and oxygen respectively 
£ ^ number 'suffixed behind each element symbol indicates the atomic ratio of the particular element; and x 
is the number of the oxygen atoms necessary for satisfying the valency of each component. 

Four hundreds parts of the obtained catalyst active substance and 30 parts of glass fiber hav ng an 
average diameter of 10 urn and an average length of 200 urn were mixed in 600 parts 0 wa* to orm a 
homogeneous slurry (slurry C-2). The slurry C-2 was subjected to a 5.5-mesh screen. Substant.ally all of 

^ tZ ST T^2°:t ^S^nkled on 2 00 parts of 4 mm-diameter spherical ajumina carrier 
ftowing in a rotating drum by using a shower having a nozzle hole diameter of 4 mm, and at the same t,me 
the drum was heated from the outside thereof by a gas burner to evaporate water. 

Zer the whole amount of slurry C-2 has been applied, the carrier-supported substance was dned at 

13 %Se f0 t^L h0 o U btained carrier-supported catalyst was packed in a stainless steel 
gaseous mixture composed of 5% of isobutylene. 12% of oxygen, 10% of «W «d W% - n*ogen 
was oassed throuqh the catalyst layer with a contact time of 3.6 seconds and reacted at 360 C As a resu t 
The reSn raZf ilobutylene was 96.8%, and the selectivity of methacrolein and that of methacryhc ac.d 
were 87.8% and 3.7%. respectively. The packing and powdering rate was 0.1%. 

Comparative Example 4 

It was attempted to prepare a carrier-supported catalyst in the same way as in Example 4 by using a 
showery * Nozzle hole dimeter of 0.2 mm. However, the shower nozzle was blocked by -ft. gta. MJjr 
Agates in the course of cata.yst supporting work, and there could not be obtamed a des.red earner- 
supported catalyst. 

Comparative Example 5 

A carrier-supported catalyst was produced according to the procedure of Example 4 by using a shower 
with a nozzle fSe diameter of 20 mm. There was observed noticeable unevenness ,n spnnk.mg of the 
slurry over the catalyst. Also, the obtained carrier-supported catalyst was overly heterogeneous. 

The reaction of Example 4 was carried out by using the thus obtained carrier-supported catalyst As a 
result, the reaction rate of isobutylene was 96.2%, and the selectivity of methacryo.e.n and that of 
methacrylic acid were 86.2% and 3.6%, respectively. The packing and powdering rate was 1.2 /o. 

Comparative Example 6 

It was tried to prepare a carrier-supported catalyst according to the process of Example 4 by using 
alass fiter having an average diameter of 10 urn and an average length of 3 mm as earner ass.stant. 
Howe™ the Shower nozzle was blocked by the glass fiber aggregates during the cataiyst supportmg 
operation, and it was unable to obtain a desired carrier-supported catalyst. 
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Comparative Example 7 

A slurrv C-2 was prepared according to Example 4. 

Two hundreds parts of 4 mm-diameter spherical alumina carrier was immersed ,n the slurry C-2 and 
s after dehydrated well, the produced carrier-supported substance was dried at 130'C for 3 hours. The thus 
obtained carrier-supported catalyst was measured to be 244.3 parts by we.ght. 

The reaction in Example 4 was carried out by using the thus obtained earner-supported catalyst The 
reacS rate of^sobutylene was 40.5%. indicating that this catalyst was an impractical low-act.v.ty catalyst. 

70 Comparative Example 8 

A carrier-supported catalyst was obtained by following the same procedure as in Example 4 except that 
the rjroDortion of qlass fiber was changed to 700 parts. 

The reaction ?n Example 4 was carried out by using the thus obtained carrier-supported catalyst As a 
, 5 result the faction rate of isobutylene was 90.2%, while the selectivity of methacrole.n and that o 
liJfcS I were 86.9% and 3.4%, respectively. This catalyst was lower in activity than the catalyst 
obtained in Example 4. 
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Example 5 

Five hundreds parts of ammonium paramolybdate, 18.5 parts of ammonium paratungstate "dMPJJ 
of Do assium nitrate were added to 1,000 parts of water and heated with st.rr.ng to prepare a solution A-2. 
lanSe 41 Harts of a 60% nitric acid aqueous solution was added to 250 parts of water and after 
Se zing the'resulting solution, 114.5 parts of bismuth nitrate was added and -^J^" 
solution 95.3 parts of ferric nitrate, 309.0 parts of cobalt nitrate, 7.0 parts of z.nc nitrate and 5.4 parts of 
?enu racid were added successively and dissolved by further adding 700 parts of water form.ng a so u t,on 
B 2 The solution B-2 was added to the solution A-2 to form a slurry, and this slurry was heated w.th st,mng 

10 e ^\ZT^T:^:S^ 120-C for 10 hours, then calcined at 300-C for 2 hours and pulverized 
to a particle size of 24 meshes or less. 

The thus obtained catalyst precursor was of the following composition: 

M01 2 W0.3B11 Fei Zn 0 .iCo 4 .5Ko.o6 Te o.iOx 

wherein Mo W. Bi. Fe, Zn. Co. K, Te and O represent molybdenu m, tungsten, bjsmuth, iron, zinc, cobalt 
potassium tellurium and oxygen, respectively; the number suffixed 6ihind eacTilement symbol TTThe 
atomlcSo of the particular element; and X is the number of the oxygen atoms necessary for sat.sfy.ng the 

^Z^Tpln^e above cata.yst precursor and 100 parts of ceramic fibers having an average 
diameter of 3 urn and a length of 300-500 urn were mixed in 600 parts of water to form a homogeneous 
lrTc-3 This slurry C-3 was put to a 3.5-mesh screen. Substantially all of the slurry could pass through 

^ S T?en"he slurry C-3 was gradually sprinkled over 200 parts of 4 mm-diameter spherical silica-alumina 
carrS flolg in a rotating drum by using a shower with a nozzle hole diameter of 6 mm. wh.le at the same 
45 time hot air of about 200 • C was blown to said carrier to evaporate water. hrf ,„„ 0 
After the whole amount of the slurry C-3 has been sprinkled, the obtained earner-supported substance 
was calcined at 500 * C for 6 hours. . 

The thus obtained carrier-supported cata.yst was packed in a stainless steel ^^J^ 
gaseous mixture composed of 5% of propylene, 12% of oxygen. 10% of wate •£ JJJJ 
was passed through the catalyst layer with a contact time of 3.6 seconds and reacted at 310 C. As a resu t. 
The reaction rate of propylene was 98.8% while the selectivity of acrolein and that of acryl.c ac.d were 
89.0% and 6.9%. respectively. The packing and powdering rate was 0.1%. 
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A slurrv (D-2) was prepared by dispersing a catalyst active substance and glass fiber in water by 
follolg 7* procedure ol Example 5 except for use of glass fiber having an average diameter of 100 urn 
and an average length of 1 mm. Substantially all of this slurry D-2 could pass through a 3.5-mesh screen. 
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By using this slurry D-2. a carrier-supported catalyst was produced according to the process of 
^reaction of Example 5 conducted by using the above ^T^^S^XSt^ 

strength to stand practical use. 
Comparative Example 9 

A slurrv (slurry E) was prepared by following the same procedure as in Example 5 except that 
a,um^um r bor2e Urr w y hSer ha^an average diameter of 0.8 urn and a length o 10- 0 urn was used 

'^reaction of Examp.e 5 was carried out by using the above catalyst, finding that *-ea^ rate of 

induing a far lower mechanical strength of this catalyst than the catalyst of Examp.e 5. 
Claims 

1 " * C tZ'ST?SX active substance comprising at least molybdenum and bismuth as its 
substance, and a carrier. 

2. A catalyst according to claim 1, wherein the average .ength of said inorganic fiber is in a range of 50 
30 urn to 1 mm. 

3 A catalyst according to claim 1. wherein the proportion of the catalyst active substance in the carrier- 
s^rE £X is in a range of 40-400 parts by weight to 100 parts by weight of the earner. 

A catalvst according to claim 2, wherein the proportion of the catalyst active substance in the carrier- 
i£23 SSH in a range of 40-400 parts by weight to 100 parts by weight of the earner. 

A catalyst according to any one of claims 1-4, wherein the catalyst active substance comprises a 
composite oxide represented by the following formula: 
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MOaBibFe c AdXoY f Z g O h 

necessary for satisfying the valency of each component. 
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at the same time vaporizing said liquid material, thereby effectuating cata.yst supporting on the carrier. 

7. A process according to claim 6, wherein a shower having a nozzle ho.e diameter in a range of 1-10 mm 
is used when depositing said slurry on the carrier. 

2Sy pass ?hrough a screen with a mesh size equal to the nozzle hole d.ameter of the shower. 

70 9 A process for the synthesis of unsaturated aldehydes and unsaturated carboxylic acids, wherein a 
catalyst obtainable by any one or more of Claims 1 to 5 is applied. 
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